The usefulness of nutritional indices and classifications in predicting the death of children under 5 years old was evaluated by comparing measurements of 34 children with diarrhoea who died in a Dhaka hospital with those of 318 patients who were discharged in a satisfactory condition. In a logistic regression analysis mid-upper arm circumference was found to be as effective as other nutritional indices in predicting death. Combinations of different indices did not improve the prediction.
Introduction
The first commonly accepted classification of malnutrition, developed by Gomez et al in 1956 , was derived from measurements of children in hospital.' It classified children by weight as a percentage of the median weight of North American children of similar ages. As children in the lowest category of weight for age (less than 60% of the median) had the highest mortality Gomez et al MAZUMDER, suggested that this classification had prognostic value, and it subsequently became the standard method of assessing malnutrition. It became apparent, however, that children with the same degree of malnutrition might have different clinical features. New classification schemes, using combinations of weight for height, height for age, and the presence of oedema, were then proposed.26 They were more elaborate and less practical, yet they shared common weaknesses with the Gomez scheme-namely, the cut off points used to determine degrees ofmalnutrition were still arbitrary, and the usefulness of such schemes in predicting patient outcome was not fully evaluated./ We evaluated the validity of different nutritional indices and classifications for predicting the death of children with diarrhoea admitted to hospital. Arm circumference and arm circumference for age were included among the possible predictors.
Patients and methods
We conducted the study in the inpatient ward of the Dhaka hospital of the International Centre for Diarrhoeal Disease Research, Bangladesh, which is attended annually by about 70 000 people with diarrhoea. Most are children from slum areas with a high prevalence of malnutrition. Those without complications of their diarrhoeal illness are treated as outpatients, and those whose only complication is dehydration are treated in a short stay treatment centre with 150 beds. Patients with more severe illnesses, who constituted the population used for the study, are admitted to an inpatient ward with 50 beds.
For six consecutive months two of the physician investigators (CD, KG), when on duty, enrolled in the study and made anthropometric measurements on all patients under the age of 5 who were admitted to the inpatient ward. Weight, corrected for dehydration if necessary, was measured to the nearest 10 g. The scales used for weighing were calibrated every morning. Height was measured to the nearest mm when the children were supine. Mid-upper middle arm circumference was measured with a plastic tape, also to the nearest mm. 
Results
The mean age of patients who died was 18 months and that of the control group 21 months; this difference was not significant. Table II shows the logistic models describing the relation between different anthropometric indices and the risk ofdeath. All these models were significant-that is, for all indices the risk of death increased when nutritional state was lower. The Hosmer-Lemeshow value after partition of the data into five risk groups did not show any significant difference between predicted and observed numbers of deaths and survivors for all these models. This suggests that they all fitted the data reasonably well.'4 The higher proportion of children who died in the top two deciles of risk as determined by arm circumference, arm circumference for age, and weight for age suggests that these indices indentify the risk of death better than weight for height and height for age. Arm circumference, arm circumference for age, and weight for age gave a better balance of sensitivity and specificity for predicting death than did other indices (figure).'" The classical cut off points used to define severe malnutrition-namely, 60% of median weight for age, an arm circumference of 125 mm, 85% of median height for age, and 70% of median weight for height' 6-correspond to specificities of 40%, 23%, 72%, and 66% respectively and are not related to any inherent breakpoint in the sensitivity Specificity (%) Sensitivity of nutritional indices for different specificities. The curve for arm circumference for age, which was virtually identical with the curve for arm circumference, is not shown. A--. A =Weight for age. *---=Arm circumference. A -A =Weight for height. O-=Height for age.
All the anthropometric indices correlated strongly with each other (p<0001), suggesting that most of the indicators used to estimate the risk of death were closely related. Once arm circumferences, the best univariate predictor of death, had been included in the model the other nutritional indices were tested by bivariate logistic regressions, but none were significantly better at predicting death (table III) . The possibility that a combination of several nutritional indices, such as those used in certain nutritional classification schemes, could better predict death was tested by multivariate logistic regression analysis. Table IV shows the results: none of these combinations was significantly better at predicting death than arm circumference alone. *Difference between log likelihood of bivariate modei and log likelihood of univariate model using arm circumference alone. tp<005. Sp<0-01.
Discussion
The close relation between the mortality of children during an attack of diarrhoea and their nutritional state on admission to hospital has been mentioned in early studies at the beginning of the century.'6 Results of the multivariate analysis, however, show that the assessment of malnutrition to evaluate the risk of death can be made simpler than is usually suggested: in our sample arm circumference alone, without correction for age, was a slightly better predictor of death than nutritional indices based on height, weight, and age. A combination of indices, including the presence of oedema, did not significantly improve the predictions. The absence of a clear demarcation, in the specificity sensitivity curves, of the traditional cut off points between the different degrees ofmalnutrition shows their artificial nature, but optimal cut off points for screening children in the community cannot be denrved from our data: children vsed as a control group in a hospital. study such as this one cannot be considered to be representative of children living in the community. To define an ideal cut off.point for screening children at risk the prevalence of malnutrition in the particular community has to be known,"'0 and the consequences of missing a case of malnutrition or overdiagnosing malnutrition have to be taken into account. 2' Weight based indices are often considered preferable to arm circumference when screening for malnutrition. This may be because weight can be estimated very precisely with standard weighing scales whereas arm circumference is difficult to measure precisely. 23 The precision necessary for screening children at risk of dying, however, has never been adequately evaluated. In this sample the difference between the mean weight of children who died and those who survived was 1-3 kg, which is equivalenit to 200/%-of the mean weight of theAwhole sample. -The high precision obtainable when measuring weight may therefore be irrelevant in separating these two groups of children.
Arm circumference is largely determined by muscle mass and is closely related to total body protein. Weight is more closely related to total body water, the -proportion of which is thought to be abnormally high in malnourished children.24 This could affect the relevance ofindices based on weight.
Nutritional indices and -nutritional classifications have been designed for different purposes. Among these are international comparisons, research on the range of physiological manifestations ofmalnutrition, and screeningchildren who are at risk ofmalnutrition for nutritional intervention. When the objective is to reduce deaths-associated with malnutrition the relevance of complex classifications is doubtful. Measuring arm circumference is simple and requires little tme. It should be preferred to more complex screening schemes for selecting children at a high risk of dying.
